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Abstract
The potent immunomodulatory, anti-inflammatory and procoagulant properties of the 
protein  no.  4  secreted  from  the  rat  seminal  vesicle  epithelium  (SV-IV)  have  been 
previously found to be modulated by a supramolecular monomer-trimer equilibrium. 
More structural details that integrate experimental data into a predictive framework 
have recently been reported. Unfortunately, homology modelling and fold-recognition 
strategies  were  not  successful  in  creating  a  theoretical  model  of  the  structural 
organization of SV-IV. It was inferred that the global structure of SV-IV is not similar 
to any protein of known three-dimensional structure. Reversing the classical approach 
to  the  sequence-structure-function  paradigm,  in  this  paper  we  report  on  novel 
information  obtained  by  comparing  physicochemical  parameters  of  SV-IV with  two 
datasets made of intrinsically unfolded and ideally globular proteins. In addition, we 
have  analysed  the  SV-IV  sequence  by  several  publicly  available  disorder-oriented 
predictors. Overall, disorder predictions and a re-examination of existing experimental 
data strongly suggest that SV-IV needs large plasticity to efficiently interact with the 
different  targets  that  characterize  its  multifaceted  biological  function and should be 
therefore better classified as an intrinsically disordered protein. 
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The view that a protein must fold into the right shape, as encoded in the amino acid sequence, 
before it can go to function has been deeply rooted in protein science, even before the 3D 
structure of a protein was first solved. However, for some proteins, especially those involved 
in signalling and regulation [1], the unstructured state has been suggested to be essential for 
basic cellular functions and recognized as a separate functional and structural category [2, 3]. 
These are proteins or domains that, in their native state, are either completely disordered or 
contain large disordered regions,  and therefore do not fit the standard sequence-structure-
function paradigm, because intrinsic disorder, whether local or extended to the entire protein 
length,  is  crucially  important  for  their  function.  Dunker  and  Obradovic  [4]  categorized 
functional  intrinsically  disordered  regions  in  molten  globule-like  and  random  coil-like 
structural forms, while Uversky suggested existence of an additional pre-molten globule form 
[5],  whose  peculiarity  is  the  presence  of  unstable  secondary  structure.  Betraying  still 
imperfect  categorization,  these systems are  currently  classified as ‘intrinsically  disordered 
proteins’  (IDPs),  but  the  use  of  other  synonymous  expressions,  such  ‘as  intrinsically 
unstructured proteins’ is widespread in the literature [6]. More than 100 such proteins are 
known including Tau, Prions, Bcl-2, p53, 4E-BP1 and eIF1A [5, 7].
Among proteins studied in our lab, SV-IV (seminal vesicle protein no. 4, so identified 
according  to  its  electrophoretic  mobility  in  SDS-PAGE;  precursor  Swiss-Prot  ID, 
SVP2_RAT) is a basic (pI = 8.9), thermostable protein of 90 residues (Mr = 9,758) secreted 
from the rat seminal vesicle epithelium under strict androgen transcriptional control, which 
has been found to possess potent non-species-specific immunomodulatory, anti-inflammatory, 
and  procoagulant  properties  [8]. It  has  been  purified  to  homogeneity  and  characterized 
extensively [8–10]. It is encoded by a gene that has been isolated, sequenced, and expressed 
in Escherichia coli [11–14]. On the basis of its biological and biochemical characteristics, SV-
IV appears  to  be  a  molecule  of  obvious  pharmacological  interest.  SV-IV-immunorelated 
proteins have been discovered in several rat tissues, as well as in human seminal fluid and 
seminal vesicle secretion [13, 14]. The segment 3-41 of SV-IV was found to have a high 
amino-acid sequence similarity with the C-terminal segment 34-66 of uteroglobin, a secreted 
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protein  from  rabbit  displaying  phospholipase  A2  inhibitory  activity  in  vitro and  anti-
inflammatory  effects  in  vivo [15,  16].  Others  were  also  able  to  prepare  potent  anti-
inflammatory  peptides  from  the  region  of  highest  similarity  between  uteroglobin  and 
lipocortin I,  a protein that has been suggested to mediate the anti-inflammatory effects of 
glucocorticoids [17]. It is therefore highly desirable to get as complete structural information 
as possible. 
From a structural standpoint, early circular dichroism and fluorescence polarization data 
indicated scarce structural organization [18]. This agreed with a predictor of local flexibility 
[19], although other predictive algorithms contrastingly suggested either the presence [18] or 
the lack [20] of an appreciable amount of secondary structure. Recently, it has been found that 
in  the  range  of  physiological  concentrations  (2–48  µM [20,  21])  the  peculiar  biological 
properties of SV-IV are likely modulated by a supramolecular equilibrium in which a trimeric 
form competes with monomeric protein for the binding to a large variety of SV-IV targets 
[20].  Eventually,  Caporale  and co-workers  [22] found agreement  between the amounts of 
predicted and experimental helical structure present in the monomeric form (20 and 24%, 
respectively) and attempted to create a theoretical model of the structural organization of SV-
IV. However,  on noting that homology modelling and fold-recognition strategies were not 
able to provide detailed structural information, they concluded that SV-IV assumes a global  
structure that  is  not  similar  to  any protein of  known 3D structure [22].  Indeed,  such an 
occurrence  suggests  that  SV-IV  could  violate  the  standard  sequence-structure-function 
paradigm, but the authors did not investigate this possibility.
We have verified that, in terms of disorder- and order-promoting amino acid subsets 
[23, 24], the SV-IV composition does not strictly conform to trends previously found to occur 
in IDPs, but for a very high content of serine (24%). Furthermore, a search of the DisProt 
database [25] did not return any hits for SV-IV, reflecting that no DisProt sequence resembles 
this  protein.  However,  novel  information  obtained by publicly  available disorder-oriented 
predictors  emphasizes  that  the  functional  state  of  SV-IV  lacks  significant  structural 
organization.  This evidence is  sufficient  to  confidently state  that  SV-IV can be classified 
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among intrinsically  disordered  proteins.  Incidentally,  the  present  work  also  confirms  that 
homology modelling and fold-recognition strategies are best suited to obtain information on 
the architecture of ordered proteins, but studying IDPs as if they were ordered can prove to be 
highly frustrating. Thus, when dealing with proteins of uncertain 3D structure, it would be 
more correct and less time-expensive to look for disorder before trying modelling procedures.
Results
Survey of existing structural information
Besides fluorescence polarization and both far and near UV circular dichroism data from our 
lab [18, 20, 22], additional experimental evidence that regular structure is scarce in SV-IV 
comes from SDS–PAGE, which is routinely used to assess the  Mr of proteins. Because of 
their unusual amino acid composition, IDPs bind less SDS than usual and their apparent Mr is 
often 1.2–1.8 times higher than the real one calculated from sequence data or measured by 
mass spectrometry [7]. In fact, the mobility of SV-IV in SDS-PAGE is compatible with an Mr 
of about 15,000 to 18,000 [9], which is to be compared with an Mr of 9,758 calculated from 
the sequence. Size-exclusion chromatography also indicates that the hydrodynamic radius of 
SV-IV  resembles  that  of  an  IDP  [7],  because  purified  SV-IV  elutes  well  behind 
chymotrypsinogen (Mr = 25,600) and slightly ahead of RNase A (Mr = 13,600) [9]. Finally, 
digestion of SV-IV with trypsin suggests that all but Lys80 of the potential proteolytic sites 
represented by nine lysine and seven arginine residues are able to efficiently interact with the 
catalytic site of the enzyme [22], as expected for an IDP-like polypeptide [7]. This piece of 
information has prompted us to perform predictive analyses aiming at clarifying whether or 
not  the  SV-IV  sequence  is  compatible  with  the  classical  sequence-structure-function 
paradigm.
Analysis of physicochemical parameters
It has recently emerged that protein disorder tends to be related to general chemical properties 
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rather than abundance or scarcity of specific amino acids [26]. In fact, like early analyses of 
protein  disorder  that  were  based  on  the  reasoning  that  protein  folding  is  governed  by  a 
balance between hydrophobic forces (attractive)  and electrostatic  forces between similarly 
charged residues (repulsive) [23], disorder-oriented predictors largely use physicochemical 
parameters, such as hydrophobicity [24, 27–33], absolute value of net charge [24, 27–29, 33], 
C-{alpha} B-factors [24, 27–29, 32, 34], and number of contacts [35–38]. Accordingly, we 
have got preliminary information on the structural preference of SV-IV comparing values per 
residue of these parameters with those of two protein databases made of ideally globular [35] 
and natively unfolded proteins [39], respectively. Visual inspection of two-dimensional plots 
obtained considering all possible combinations of two parameters suggests that SV-IV has a 
strong preference to conform to general structural features expected for IDPs, because in no 
case SV-IV data points fall in regions populated by ordered proteins (Fig. 1).
General prediction analysis
Owing to increased interest in the structure-function relationships of IDPs,  disorder-related 
literature is  ever  growing,  as  witnessed  by  several  recent  reviews  [40–43].  To  obtain 
prediction reliability, two general options are presently available, namely either the combined 
use of ab initio algorithms, such as a recent scheme based on well-known predictors [23], or 
recent programs with improved performance on some benchmarks, such as those based on 
expected packing density [36–38] or support vector machine (SVM) methods [44–46] (see 
Methods for further details). However, as the SV-IV sequence comprises amino acid subsets 
different from those previously found to occur in IDPs [23, 24] and does not resemble any 
known sequence included in the DisProt database [25], it may be valuable to proceed with 
caution and investigate both options.
The first procedure comprises a preliminary search for low complexity regions through 
the SEG algorithm [47] followed by a thorough analysis benefiting from the combined use of 
several  ab initio methods, such as PONDR (VSL1 and VL-XT) [24, 27–29], hydrophobic 
cluster analysis (HCA) [30], Prelink [31], GlobPlot [32], DisEMBL [34], RONN [48], IUPred 
6
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
hd
l:1
01
01
/n
pr
e.
20
07
.1
39
4.
1 
: P
os
te
d 
6 
De
c 
20
07
[49], DISOPRED2 [50], and NORSp [51]. When applied to SV-IV, SEG resulted in a long 
nonglobular region spanning the entire sequence, but few amino acids in the N- and C-termini 
(aa  1-4  and  84-90,  respectively).  Other  structural  peculiarities,  such  as  disulfide-forming 
cysteine residues, zinc fingers, and leucine zippers [52], are absent from the SV-IV sequence. 
On the functional side, SV-IV is predicted to be a metal binding protein [53], but the expected 
probability of correct classification is about 60%, which is lower than the actual classification 
accuracy based on the analysis of 9,932 positive and 45,999 negative samples of proteins 
[54]. The vast majority of the other methods also converged to indicate abundance of intrinsic 
disorder in SV-IV, but a few amino acids in the C-terminal region. In particular, hydrophobic 
clusters, which are typical of secondary structure elements, were almost totally absent from 
the HCA plot,  and Prelink predicted the whole sequence as disordered.  In contrast,  some 
regular  structure  was  predicted  by  X-ray  based  algorithms,  such  as  various  DisEMBL 
routines  and  DISOPRED2  (segments  31-39,  49-59  and  77-90),  and  discrepancies  also 
affected GlobPlot analyses, depending on the particular order-disorder propensity set chosen 
to  obtain  predictions,  but  in  no  case  potential  globular  domains  were  predicted.  When 
subjected  to  NORSp,  the  SV-IV protein  did  not  appear  to  conform to  criteria  fixed  for 
identifying NOn-Regular  Secondary  Structure  regions,  although about  70% residues  were 
predicted to be in loopy regions. We suspect that no NORS region can be predicted in SV-IV 
because the recommended length of sequence window used to calculate the structural content 
(70 aa)  is  close to  the protein  length (90 aa).  Finally,  a  vanishingly small  probability  of 
coiled-coil  regions  was also predicted  by Multicoil  [55] and COILS [56] algorithms (not 
shown). The above results are summarized in Fig. 2. 
Another set of predictions was performed using algorithms that have been reported to 
predict protein disorder more accurately than other methods, namely the FoldUnfold predictor 
[36–38] and the SVM-based POODLE suite [44–46].  According to FoldUnfold,  SV-IV is 
probably  fully  disordered,  because  the  average  value  of  the  disorder  parameter  over  its 
sequence is  less than the disorder  threshold.  Moreover,  the average  value of the disorder 
parameter  over  regions  1-34, 36-57 and 59-80 is less than the disorder  threshold and the 
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regions are greater than the reliable frame (11 residues), which means that these regions are 
predicted as fully disordered (Fig. 3A). Similarly, POODLE predictions suggest that: i) the 
entire SV-IV sequence corresponds to a long disorder region (POODLE-L); ii) a few residues 
(aa 39-40 and 85-90) do not belong to short disorder regions (POODLE-S); and iii) disorder 
characterizes  the  whole  protein  because  of  the  high  disorder  propensity  of  all  residues 
(POODLE-W) (Fig. 3B).
Other predictions
To complete our analysis, we have verified whether or not SV-IV possesses  biased amino 
acid composition and can be maximally separated from globular proteins. Both features have 
been found to occur  in IDPs.  On the first  point,  Weathers  and co-workers  [26,  57] have 
recently examined the contribution of various  vectors  to recognizing proteins that contain 
disordered regions through a support vector machine (SVM) trained on naturally occurring 
disordered  and ordered  proteins.  They have  found that  high  recognition  accuracy  can  be 
obtained  by  an  SVM  that  incorporates  only  amino  acid  composition,  and  very  good 
recognition  accuracy  was  retained  using  reduced  sets  of  amino  acids  based  on  chemical 
similarity.  Overall,  this  suggests  that  composition  alone  and  general  physicochemical 
properties rather than specific amino acids is sufficient to accurately recognize disorder. We 
have applied the SVM method to compare the SV-IV sequence with the primary structures of 
80 ideally folded and 90 natively unfolded proteins. Panel A of Fig. 4 shows the mean values 
of the disorder score for all of these proteins. Even though regions covered by the two protein 
datasets overlap to some extent, the SV-IV datum clearly belongs to the region populated by 
natively unfolded proteins. As regards the second point,  other authors [35] have devised an 
optimal set of artificial parameters for 20 amino acid residues by Monte Carlo algorithm, by 
which they have obtained maximal separation between sets of natively unfolded and ideally 
globular proteins. Following the same rationale as above, we have compared the mean value 
of the artificial parameter for SV-IV and the two sets of proteins. Even in this case, the SV-IV 
datum unequivocally  falls  among natively  unfolded  proteins,  whose  data  points  are  well 
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separated  from  those  of  globular  proteins  (Fig.  4,  panel  B).  Finally,  panel  C  of  Fig.  4 
summarizes  results  obtained  by  other  algorithms,  such  as  DISpro  [58],  some  additional 
methods not included in the PONDR package developed by Dunker and co-workers [59, 60], 
and DRIPPRED [61]. All of these algorithms agreed in predicting that 100% amino acids in 
the SV-IV sequence are disordered, but DRIPPRED, which resulted in 32% residues scoring 
as regular structure.
Discussion
The  structural  information  we have re-examined  seems sufficient  to  raise  the  doubt  that 
intrinsic disorder is abundant in SV-IV indeed. Thus, it was somehow to be expected that 
homology  modelling  and  fold-recognition  strategies  would  have  been  unable  to  create  a 
theoretical model of the structural organization of SV-IV [22]. In fact, we have used several 
disorder  predictors  to  obtain  novel  evidence  that  the  odd  behaviour  of  SV-IV  is  not 
compatible with the classical sequence-structure-function paradigm. Our predictions suggest 
that: i) the entire SV-IV sequence does not encode any region with globular organization; ii) a 
few isolated segments (mostly the C-terminal region) may possess some regular structure; iii) 
prediction of regular structure almost exclusively comes from methods based on PDB missing 
coordinates  (DisEMBL routines,  DISOPRED2,  and DRIPPRED) and secondary-structure-
derived propensities (GlobPlot with Deleage-Roux and Russell-Linding parameters); and iv) 
mean physicochemical properties of SV-IV are decidedly those typical of IDPs, as suggested 
by methods based on visual inspection. This could provide a clue for clarifying still obscure 
aspects of the SV-IV structure–function relationships.
Lack of consensus affecting disorder prediction in some regions of SV-IV may result 
from the different sensitivity that disorder predictors display toward the various functional 
properties that are encoded in separate segments of the protein sequence. In fact, integrity of 
the primary structure was found to be necessary for immunomodulation,  whereas all of the 
pro-coagulant and anti-inflammatory properties were located in the fragment 1–70, which is 
devoid of any immunomodulatory activity,  but possesses the same procoagulant  and anti-
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inflammatory activity as the native protein. Moreover, the fragment 8–16 was the shortest N-
terminal-derived  peptide  that  possessed  equivalent  or  slightly  higher  anti-inflammatory 
activity than the native protein, but did not possess any immunomodulatory or pro-coagulant 
activity.  Finally,  CNBr  cleavage  of  SV-IV  at  the  single  Met70  residue  generated  the 
biologically inactive 71–90 peptide [16], suggesting that the immunomodulatory properties of 
SV-IV are strictly governed by the cooperation between this and the 1–70 region.
Concerning the SV-IV organization, results here reported are in substantial agreement 
with previous secondary structure predictions, at least as concerns the 1–70 region. In fact, 
the  self-association  process  that  underlies  the  overall  functional  behaviour  of  the  protein 
induces  conformational  changes  mainly  in  this  region,  which  has  been  suggested  to  be 
without secondary structure in the monomer but to contain some α-helix in the trimer [22]. 
However, minor discrepancies among disorder predictions as well as between disorder and 
secondary  structure  predictions  suggest  that  several  peptide  segments  within  the  protein 
sequence might display chameleon structural behaviour. In this regard, previous experiments 
in buffer  solution [18] showed that a structural  rearrangement of SV-IV takes place after 
treatment with 0.2–6.0 mM SDS. As this interval encloses the critical micellar concentration 
of  the  surfactant  (~2.6  mM)  [62,  63],  it  may  be  inferred  that  SV-IV  interacts  with  the 
membrane-like environment  of  SDS micelles,  either  through  direct  formation  of  protein–
surfactant  complex or by an indirect  process in which the micelle is formed first  and the 
protein is then inserted into it. This process is totally different from the non-specific massive 
cooperative  binding  of  SDS  to  proteins  at  sub-micellar  concentrations  and  mimics  the 
situation that SV-IV experiences in most cell-based biological assays, where its multifaceted 
biological  function  involves  efficient  binding  to  the  plasma membrane  of  its  target  cells 
(macrophages, T lymphocytes, and polymorphonuclear cells) at specific sites (Kd ≅ 10-7–10-8) 
[16] and can be obtained only through large plasticity of the structure. 
Methods
Protein databases
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The database of disordered proteins was created using a list of natively unfolded proteins [39] 
and  the  SWISS-PROT  protein  sequence  data  bank  [64].  The  ideal  database  of  globular 
proteins is available at the address http://phys.protres.ru/resources/folded_80.html [35, 37], as 
selected by inspecting the four general classes in the SCOP database (1.63 release) [65].
Physicochemical parameters
The mean protein hydrophobicity was calculated using the Kyte-Doolittle scale [66], rescaled 
to a range of 0–1 [33]. The expected average number of contacts per residue in globular state 
was calculated according to [35]. The mean net charge was defined as the absolute value of 
the difference between the numbers of positively and negatively charged residues at pH 7.0, 
divided  by  the  total  residue  number,  according  to  [39].  The  average  structural  B-factors 
(isotropic temperature factors) scale (2.0 S.D.) was obtained from [32], where only the B-
factors for the C-{alpha} atoms were considered to minimize influence by crystal packing and 
other structural artefacts.
Predictors of disorder
Below we list all predictors used in this study, pointing out their salient features. A detailed 
description of each predictor is outside the scope of this paper, and the reader interested in 
more details is invited to refer to the relevant article(s).
The SEG algorithm (http://mendel.imp.ac.at/METHODS/seg.server.html), based on the 
rationale  that  compact  globular  structures  exhibit  quasirandom  statistical  properties,  is 
designed to detect regions of biased amino acid composition using mathematically defined 
properties [47]. The stringency of the search for low-complexity segments is determined by 
three user-defined parameters [trigger window, W; trigger complexity, K(1); and extension 
complexity, K(2)], using the seg sequences 45, 3.4, 3.75 and 25, 3.0, 3.3 for long and short 
nonglobular domains, respectively. Predictors of Natural Disordered Regions included in the 
PONDR  collection  (http://www.pondr.com)  are  typically  feed  forward  neural  networks 
trained on non-redundant sets of ordered and disordered sequences that help to insure modest 
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predictor  biases  and  to  enable  the  predictors  to  generalize  to  new  sequences  [27–29]. 
PONDRs come in several versions depending on the sequence attributes taken over windows 
of 9 to 21 amino acids.  These attributes,  such as the fractional  composition of particular 
amino acids, hydropathy, or sequence complexity, are averaged over these windows and the 
values are used to train the neural network during predictor construction. The same values are 
used as inputs to make predictions. The Regional Order Neural Network (RONN) software, 
originally  developed  to  identify  protease  cleavage  sites,  is  a  method  based  on  sequence 
alignment  available  at  http://www.strubi.ox.ac.uk/RONN [48].  The  IUPred  server  at 
http://iupred.enzim.hu estimates  favourable  pair  wise  contacts  in  protein  sequences  and 
assigns  order/disorder  status  based  on  the  assumption  that  intrinsically 
unstructured/disordered proteins and domains (IUPs) have special sequences that do not fold 
due  to  their  inability  to  form  sufficient  stabilizing  interresidue  interactions  [49].  The 
DisEMBL  software  available  at  http://dis.embl.de is  based  on  artificial  neural  networks 
trained for assigning disorder by using three different definitions of disorder: residues within 
loops/coils, residues within loops with a high degree of mobility as determined from X-ray 
temperature  factors  (B-factors)  and residues  with PDB missing coordinates  as  defined by 
Remark465  entries  in  PDB  [34].  The  DISOPRED2  Disorder  Prediction  Server  at 
http://bioinf.cs.ucl.ac.uk/disopred restrains  the definition of  disorder  to  those residues  that 
appear in the sequence records but with coordinates missing from the electron density map, 
and  a  support  vector  machine  was  trained  to  specifically  recognize  these  [50].  GlobPlot 
(http://globplot.embl.de)  is  a  web  service  based  on  the  tendency  of  residues  to  be  in  an 
ordered  or  disordered  state  and  uses  different  propensity  sets  based  on  amino  acid 
hydrophobicities (Kyte-Doolittle and Hopp-Woods), B-factors, PDB missing coordinates, and 
secondary-structure-derived propensities (Deleage-Roux and Russell-Linding) [32]. NORSp 
is an on-line predictor of NOn-Regular Secondary Structure (NORS) that is not trained on any 
dataset and predicts segments in which the content in regular secondary structure is below 
12% over at least 70 consecutive residues, and at least 10 consecutive residues are predicted 
to be exposed. It can be accessed at http://cubic.bioc.columbia.edu/services/NORSp [51]. The 
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identification  of  hydrophobic  clusters  was  performed  by  the  HCA  available  at 
http://bioserv.rpbs.jussieu.fr,  which  allows  to  easily  identify  globular  regions  from  non 
globular  ones  and,  in  globular  regions,  to  identify  secondary  structures  [30].  Prelink 
(http://genomics.eu.org/spip/PreLink) is a HCA-derived method that calculates the amino acid 
distributions  in structured  and unstructured  regions,  the probability  that  a given sequence 
fragment be part of either a structured or an unstructured region, and the distance of each 
amino  acid  to  the  nearest  hydrophobic  cluster.  Using  these  three  values  along a  protein 
sequence unstructured regions can be predicted with very simple rules [31]. The MultiCoil 
program  (http://groups.csail.mit.edu/cb/multicoil/cgi-bin/multicoil.cgi)  predicts  the  location 
of coiled-coil regions in amino acid sequences and classifies the predictions as dimeric or 
trimeric  [55].  COILS  (http://ch.embnet.org/software/COILS_form.html)  is  a  program  that 
compares a sequence to a database of known parallel two-stranded coiled-coils and derives a 
similarity score. By comparing this score to the distribution of scores in globular and coiled-
coil proteins, the program then calculates the probability that the sequence will adopt a coiled-
coil conformation [56].
Predictions with improved performance were carried out by the FoldUnfold web server 
available  at  http://skuld.protres.ru/~mlobanov/ogu/ogu.cgi,  based  on  the  observation  that 
disorder  is  connected  to  a weak expected  packing  density,  as  evaluated  by  the  observed 
number of contacts within 8 Å for each amino acid residue in globular state [35–38]; and the 
SVM-based  POODLE  (Prediction  Of  Order  and  Disorder  by  machine  LEarning, 
http://mbs.cbrc.jp/poodle)  system. The POODLE suite predicts protein disorder from amino 
acid sequences and provides three types of predictions: POODLE-L and POODLE-S  predict 
long disorder  regions,  mainly longer  than 40 consecutive amino acids, and short  disorder 
regions, respectively; and POODLE-W is for binary prediction of whole protein disorder [44–
46].
Another  SVM method for  recognizing  intrinsically  disordered  proteins  was  applied 
according to the procedure described in [26, 57], using the mySVM implementation of SVM 
theory by Rüping [67]. The set of artificial parameters for 20 amino acid residues calculated 
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by  Monte  Carlo  algorithm  to  maximally  separate  natively  unfolded  and  ideally  globular 
proteins  was  obtained  from  [35].  Additional  predictions  were  performed  by:  the  DISpro 
software  (http://www.igb.uci.edu/servers/psss.html),  which  relies  on  machine  learning 
methods and leverages evolutionary information as well as predicted secondary structure and 
relative  solvent  accessibility  [58];  the  VL2  and  VL3  predictors  available  at 
http://www.ist.temple.edu/disprot/predictor.php, which rely on partitioning protein disorder 
into flavours based on competition among increasing numbers of predictors [59] and on an 
ensemble  of  feed  forward  neural  networks  based  on  the  same  attributes  as  VL2  [60], 
respectively;  and  the  DRIPPRED  server  (http://www.sbc.su.se/~maccallr/disorder), 
developed  for  sequence  profile  visualization  and  contact  map  prediction,  which  predicts 
structural disorder by looking for sequence patterns that are not typically found in the PDB 
[61].
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Fig. 1. Two-dimensional plots. The SV-IV datum (red symbol) is compared with the two sets of  90 
natively unfolded and  80  ideally globular proteins (black and grey symbols, respectively), using the 
mean values of physicochemical parameters computed from sequence. (A) Number of contacts vs. 
hydrophobicity, (B) Number of contacts vs. net charge, (C) Number of contacts vs. C-{alpha} B-factors, 
(D) Net charge vs. hydrophobicity, (E) Net charge vs.  C-{alpha} B-factors, (F) Hydrophobicity vs.  C-
{alpha} B-factors.
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 Fig. 2. Analysis of the SV-IV sequence using  well-known predictors. The original graphic output of 
each  method  and  the  corresponding  interpretation  are  shown.  In  the  HCA  analysis,  the  protein 
sequence is shown on a duplicated α-helical net with hydrophobic clusters identified by solid contours 
and amino acid numbers indicated on top. , , , and  refer to proline, glycine, threonine, and serine, 
respectively.
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Fig. 3. Analysis of the SV-IV sequence using improved performance programs. Panel A and 
B  show  the  graphic  output  of  FoldUnfold  [36–38]  and  POODLE  predictors  [44–46], 
respectively.
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Fig. 4. Additional predictions of disorder. Panels A and B refer to the comparison of the SV-
IV sequence with the primary  structures  of  90 natively unfolded and 80 ideally  globular 
proteins  (same symbols as in Fig. 1)  using the SVM method [26, 57] and an optimal set of 
artificial  parameters  [35],  respectively.  Panel  C  summarizes  results  obtained  by  other 
algorithms.
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